Introduction
The microwave spectrum of fluoroacetylene was first reported by Tyler and Sheridan [1] . An extended study of excited vibrational states was published in 1979 by Jones and Rudolph [2] , They investigated the states with v4 = 1, 2; v5 = 1, 2, 3, 4 and the combina tion states v4 = 1, v5 = 1 and v4 = 1, v5 = 2, where v4 and v5 designate the two degenerate bending modes of HCCF. However, for most excited states, lines were measured only up to 60 GHz, and not all the con stants could be determined. In the present work, ex tended measurements up to the transition J = 13 <-12 enabled a more detailed analysis of the ground state, the first and second excited states of the C -C -H bending vibration (v4), the first, second and third ex cited states of the C -C -F bending vibration (v5) and the combination states v4= \, v5 = \ and v4 = \, v5 = 2.
The notation of the various vibrational states is the same as in the publication of Jones and Rudolph [2] , where states are characterized by the three quantum numbers v3, v4 and v5, and the values of l4 and l5 are added as superscripts: 
Experimental Details
Up to 80 GHz lines were recorded using a conven tional Stark modulation spectrometer. Source modu lation was employed at higher frequencies. The micro wave sources were Oki reflex klystrons; frequencies above 80 GHz were produced by means of a harmonic generator. At lower frequencies, signal detection was achieved by a Schottky barrier type detector. Above 120 GHz, we used a liquid helium cooled InSb bolo meter. Measurements have been made using a stan dard synthesizer Schomandl ND 800 M monitored by a 10 MHz signal derived from the 77.5 KHz signal of the broadcasting station DCF 77 (Mainflingen, West Germany) with a relative accuracy of 5 x 10~10. The uncertainties of the measured line frequencies are believed to be +5 kHz.
The sample of fluoroacetylene was prepared by the method of Viehe and Franchimont [3] . The synthesis was performed in two steps, starting from pentabromoethane, via l-fluoro-l,l,2,2-tetrabromoethane and l-fluoro-l,2-dibromoethene to fluoroacetylene.
Theory
For the vibrational ground state, line frequencies were fitted to the expression v = 2 ß 0 (J + 1) -4 D0 (J + 1 )3
The line frequencies of excited vibrational states were calculated using the formalism of Amat and Nielsen [4] [5] [6] . Since details of this formalism are given in their papers, and more recently in papers by Winnewisser 0932-0784 / 89 / 0200-145 $ 01.30/0. -Please order a reprint rather than making your own copy.
and Winnewisser [7, 11] and by Yamada et al. [8, 9] , only the frequency expressions are given here. Since /, is not a rigorous quantum number, classi fication of the states should be made according to their symmetry. However, spectra are most con veniently interpreted in terms of this quantum num ber, and both classifications will be used.
Because of /-type doubling there are two lines for each J in the first excited states. The splitting is de scribed by the /-type doubling constant ql:
y,tit is a rovibrational interaction constant. The signs -I-and -refer only to the signs of the last term and are not symmetry symbols. To take into account the ./-dependence of the /-type doubling constant, (qt)7 may be expanded to Again, the index at the braces indicates the value of the rotational quantum number.
In the combination state of two degenerate bending modes, vA = 1, v5 = 1, we have a splitting into four lines as a result of simultaneous rotational and vibra tional /-type doubling:
±0.5 {Mn)j+1 +(q + )2 J (J + l)(J + 2)(J -I-3)}1/2
The meaning of the abbreviations is:
For the i?t = 1, vt. = 2 combination states, it is not possi ble to give algebraic solutions of the eigenvalue equa tions that hold for every J. Jones and Rudolph [2] reported the matrix elements for the symmetric and the antisymmetric 3 x 3 matrices, neglecting elements with A 1 = 4. Following this approximation and rear-ranging the matrices, they were able to obtain for mulas like (5) for the J = 2 <-1 transition only. We use here the complete matrices and
and Ev is the vibrational energy.
Eigenvalues and line frequencies have been com puted in this work by numerical methods.
Results and Discussion
As an aid to assignment of lines to the different branches caused by /-type doubling, diagrams v* ver sus J were used, where Tables 1-8 . The symbols in the column named "branch" refer to the frequency formulas given above.
a) Ground State
Ten lines were observed, up to J = 12. From these data, three constants, B0, D0 and H 0 were fitted. Although D0 and H0 are highly correlated, inclusion of the latter constant gives a significantly better fit (Table 1) Substitution of this expression into (7) gives the fol lowing formula for the splitting:
A v*± % (J + l)(ylth + 2De)
The sign of the first term is the same as the sign of (ghl -4Dr -Bv -4y,i/t). The same approximation was obtained by Amat, Nielsen, and Tarrago [6] as a result of two contact transformations of the expanded Hamiltonian.
From (8) it is seen that it is not possible to evaluate both qt and glih, because only the quotient is deter-minable. For the C -C -H bending mode (v5), qt is known in the first and third excited states. Thus it seems reasonable to fix qt at a value interpolated be tween these constants and then calculate g55 (see Table 5 ). Since for v4 the value of qt in the third excited state is not known, this procedure was not possible in the case of the state 0 20, ±2 0. Here </44 was fixed at a value determined by IR measurements [10] (Table 4) .
d) Third Excited State 0 0°3±u 13
From the theory of /-type doubling and resonance we expect four lines. However, those with l5 = ± 3 are too close together to be resolved. The set of fitted constants includes ß,., Dr, y55, q5, g55, which is, with in the standard error, the value expected from IR measurements [10] , and g5. The latter constant is not very well determined, but nevertheless improves the standard deviation of the fit (see Table 6 ). Table 6 . Line frequencies and spectroscopic constants of HCCF in the vs -3 vibrational state. e) Combination State 0(11) 0. ±2
Because of rotational and vibrational /-type doubling, the J + l <-J transition in this combina tion state splits into four components, two with / = /, + /(. = 0 and two with / = + 2 and / = -2, respec tively. Transitions were observed up to J = 9. By a procedure similar to that described for the second excited states, or by a second contact transformation of the Hamiltonian, the following approximation for mulas are obtained: Again, the superscripts in (9) are not symmetry sym bols but indicate the sign of aa and as. In the above expressions, we have neglected £tt.. Apart from Bv, Dt., and y55, obviously only the coefficients (q + )2!as and (q~)2/aa may be fitted. From these, only two of the four coefficients q4, q5, r'45\ and c/45 are determinable. For the constants that have to be assumed, two sets are suitable: q4 and q5, which are known approximately from the first excited states, or r4°' and g45, that have been determined by IR mea surements [10] . The first set of constants yields a better Table 7 are obtained from the first excited states without taking into account q^K To reproduce the line frequencies well it was necessary to expand the vibrational /-type doubling constants r45:
(r45)j = r^ + r^J ( J + \)
as was proposed by Winnewisser and Winnewisser [7] (see Table 7 ).
/ J Combination State 0 (1 2) ±u±3
According to the possible combinations of the quantum numbers /4 = +1 and /5 = 0, ± 2, we expect six lines, four of which are associated with 111 = 1 and two with | / 1 = 3. The intensity of the lines of this state is very low, and not all the | / 1 = 3-components were detected.
This combination state has been analysed before in [2] , However, at that time only the J = 2 1 and J = 3 <-2 transitions were measured and some con stants could not be determined. With the remaining set consisting of(Bv-y A5), Dv,q4,q 5, and (gA5-2 g 55), it was not possible to fit both measured transitions with the same value of (g45 -2g55). In the present work we use 31 measured lines instead of 8, and con sequently a more detailed analysis has been possible. A first set of constants including Bv, Dv, yA5 qA, q5, r4°5, r^, g45 and g55 yielded a fit with a standard deviation of 123 kHz. This result did not improve when the J-dependence of qA and q5 was taken into account. Finally, a better standard deviation was achieved by inclusion of the constants g45 and q55, which come from matrix elements with Al = +4 (see Table 8 ).
